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,QWURGXFWLRQ
7KH6LJPDEHDPVDUHPRQRV\PPHWULFSURILOHVORDGHGLQWKHSODQHSHUSHQGLFXODUWRWKHD[LVRIV\PPHWU\7KH
DSSOLFDWLRQRIWKH6LJPDEHDPVLVLQWKHEXLOWLQIORRUVLQZDUHKRXVHVDVWKHIORRUJLUGHUV,QWKHVWUXFWXUHWKHIORRU
JLUGHUVDUHEROWHGWKURXJKWKHWUXVVSODWHWRWKHFROXPQVZKLFKVXSSRUWWKHIORRU,QVRPHFDVHVWKHIORRUVWUXFWXUH
LVFRYHUHGE\WKHVWHHOJULGVZKLFKDUHQRWFRQQHFWHGZLWKWKHIORRUJLUGHUVWKHEHDPVDUHQRWUHVWUDLQHGWR/7%7KH
6LJPDEHDPVDUHZHDNHQHGE\WKHZHEKROHVRIGLDPHWHUPPSUHVHQWHGDWWKHSRVLWLRQRIWKHQHXWUDOD[LVZKLFK
DUHXVHGDVJURPPHWVIRUXWLOLW\QHWZRUNV



)LJ6LJPDEHDPVZLWKZHEKROHV
&DOFXODWLRQDFFRUGLQJWR(XURFRGH
7KHEHQGLQJUHVLVWDQFHFDOFXODWLRQRIWKHEHDPVZLWKUHVSHFWWR/7%LVOLVWHGLQWKH&]HFKQDWLRQDODQQH[1%RI
(1±IXUWKHU(&FDOFXODWLRQRU(&GHVLJQSURFHGXUH>@7KHSURFHGXUHLQWKLVQDWLRQDODQQH[LVYDOLGIRUDW
OHDVWPRQRV\PPHWULFDOFURVVVHFWLRQVORDGHGLQWKHSODQHSHUSHQGLFXODUWRWKHD[LVRIV\PPHWU\IRUWKHH[DPSOHVRI
FURVVVHFWLRQVVHH)LJXUH,WLVDVVXPHGWKDWWKHWUDQVYHUVHORDGWKURXJKWKHVKHDUFHQWHU>@,QWKHFDVHRIWKH
EHDPRIXQLIRUPFURVVVHFWLRQZKLFKLVV\PPHWULFDODERXWWKHPDMRURUWKHPLQRUD[LVWKH&]HFKQDWLRQDODQQH[
1%SURYLGHVJHQHUDOIRUPXODVIRUFDOFXODWLRQRIHODVWLFFULWLFDOPRPHQWMcrIRU/7%LQEHQGLQJDERXWD[LV\\


)LJ([DPSOHVRIFURVVVHFWLRQV

2.1. Cross-section properties 
)RUWKHFDOFXODWLRQRIWKHEHQGLQJUHVLVWDQFHVRI6LJPDEHDPVDFFRUGLQJWR(&GHVLJQSURFHGXUHVWKH³VXEVWLWXWH´
FURVVVHFWLRQRI WKHEHDPLVEHLQJHVWDEOLVKHG7KHVXEVWLWXWHFURVVVHFWLRQSURSHUWLHVDUHGHILQHGDV WKHZHLJKWHG
DYHUDJHRIWKHFURVVVHFWLRQSURSHUWLHVRIWKHIXOOVHFWLRQVHFWLRQ$LQ)LJXUHDQGWKHZHDNHQHGVHFWLRQVHFWLRQ%
LQ)LJXUH

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
)LJ'HVLJQDWHGVHFWLRQVIRUFDOFXODWLRQVXEVWLWXWHFURVVVHFWLRQSURSHUWLHV
2.2. Calculated resistances 
)RXUGLIIHUHQWORDGFDVHVDUHFRQVLGHUHGFRQWLQXRXVORDGSRLQWORDGLQWKHPLGGOHRIWKHVSDQWZRSRLQWORDGVLQWKH
WKLUGRIWKHVSDQ>@DQGEHDPORDGHGZLWKWKHHQGPRPHQWVVHH)LJXUH


)LJ&RQVLGHUHGORDGVFKHPHV
,QWKH7DEOHDUHOLVWHGWKHFKDUDFWHULVWLFEHQGLQJUHVLVWDQFHVZLWKUHVSHFWWRODWHUDOWRUVLRQDOEXFNOLQJGHWHUPLQHG
IRUEHDPOHQJWKVDQGPHWHUVDFFRUGLQJWR(1DQG&]HFK1DWLRQDO$QQH[1%XVLQJWKHFURVVVHFWLRQ
SURSHUWLHV RI VXEVWLWXWH FURVVVHFWLRQ 7KH EHQGLQJ UHVLVWDQFHV DUH GHWHUPLQHG IRU EXFNOLQJ FXUYH E ZKLFK LV
UHFRPPHQGHGE\(1IRUWKLQZDOOHGSURILOHV
7DEOH&DOFXODWHGEHQGLQJUHVLVWDQFHV

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2.3. Verification of substitute cross-section by FEM calculations 
)RU WKH YHULILFDWLRQRI WKH WKHRUHWLFDOPRGHO EDVHGRQ WKH VXEVWLWXWH FURVVVHFWLRQ WKH/7% DQDO\VHV DUH EHLQJ
SHUIRUPHGLQWKH)(0VRIWZDUHGHYHORSHGE\-%URGQLDQVN\IURP678%UDWLVODYD>@7KLVVRIWZDUHLVEDVHGRQWKH
VROXWLRQVRIGLIIHUHQWLDOHTXDWLRQVGHVFULELQJWKHORVVRIVWDELOLW\GXULQJ/7%LQHODVWLFUDQJHDQGDOORZVWKHDQDO\VLV
RQWKHPHPEHUVZLWKYDULDEOHFURVVVHFWLRQ7KHUHIRUHWKHVRIWZDUHLVVXLWDEOHDOVRIRUWKHFDOFXODWLRQVRIWKHEHDPV
ZLWKWKHZHEKROHV,QWKH7DEOHDUHOLVWHGWKHHODVWLFFULWLFDOPRPHQWVFDOFXODWHGIRUWKHIXOOVHFWLRQWKHZHDNHQHG
VHFWLRQWKHVXEVWLWXWHVHFWLRQDQGWKHYDULDEOHVHFWLRQSDUWVEHWZHHQWKHZHEKROHVDUHPRGHOOHGZLWKIXOOVHFWLRQDQG
SDUWVRYHUWKHZLGWKRIKROHDUHPRGHOOHGZLWKZHDNHQHGVHFWLRQ
7DEOH&DOFXODWHGEHQGLQJUHVLVWDQFHV


)URPWKHUHVXOWVFRPSDULVRQRI(&FDOFXODWLRQVXVLQJ WKHVXEVWLWXWHFURVVVHFWLRQSURSHUWLHVDQG/7%DQDO\VHV
SHUIRUPHG LQ)(0VRIWZDUHZLWKYDULDEOHFURVVVHFWLRQ IROORZQHJOLJLEOHGLIIHUHQFHVZKLFKYHULI\ WKH WKHRUHWLFDO
PRGHOZLWKVXEVWLWXWHFURVVVHFWLRQ
([SHULPHQWDOYHULILFDWLRQ
7KHEHDPVRIWKHOHQJWKVP/%P/%DQGP/%ZHUHWHVWHG>@6LPSO\VXSSRUWHGVSHFLPHQVZHUH
ORDGHGZLWKWZRFRQFHQWUDWHGORDGVLQWKHWKLUGRIWKHVSDQVHH)LJXUH7KHEHDPVDUHEHQGHGXSZDUGVWKHWRS
IODQJHLVXQGHUWHQVLRQERWWRPIODQJHLVXQGHUFRPSUHVVLRQ7KHWHQVLRQIRUFHIURPHOHFWURK\GUDXOLFF\OLQGHULVEHLQJ
VSUHDGYLDVWLIIPHPEHUFRXSOHRI,SURILOHVLQWRWKHORDGLQJIUDPHVVLWXDWHGLQWKHWKLUGRIWKHEHDPVSDQ

EC Substitute 
section
Full 
section
Weakened 
section
Substitute 
section
Variable 
section
P       
P       
P       
P       
P       
P       
P       
P       
P       
P       
P       
P       
&DOFXODWLRQIRUWKHVXEVWLWXWHFURVVVHFWLRQDFFWRý61(1DQG&]HFK1DWLRQDO$QQH[1%
5HVXOWVRI/7%DQDO\VLVGHWHUPLQHGEDVHGRQWKH)(0VRIWZDUHIRUPHPEHUZLWKXQLIRUPFURVVVHFWLRQ
5HVXOWVRI/7%DQDO\VLVGHWHUPLQHGEDVHGRQWKH)(0VRIWZDUHIRUPHPEHUZLWKYDULDEOHFURVVVHFWLRQ
'LIIHUHQFHVEHWZHHQYDOXHVGHWHUPLQHGE\/7%DQDO\VLVSHUIRUPHGLQ)(0VRIWZDUHIRUPHPEHUZLWKYDULDEOHFURVVVHFWLRQ
DQGYDOXHVGHWHUPLQHGE\(XURFRGHFDOFXODWLRQVFRQVLGHULQJWKHFURVVVHFWLRQSURSHUWLHVRIVXEVWLWXWHFURVVVHFWLRQ
'LIIHUHQFH

7RUVLRQ
VXSSRUWV /RDG
%HDP
OHQJWK/
L SUPP    
>PP@
Elastic critical moment M cr  [kNm]
)U
HH
O\
V
XS
SR
UW
HG
LQ
WR
UV
LR
Q


I
UH
H
Z
DU
SL
QJ
D
WE
RW
K
HQ
GV

Continuous 
load
Pointload     
in L/2
2 Pointloads 
in L/3
End   
moments
553 Martin Horáček et al. /  Procedia Engineering  161 ( 2016 )  549 – 555 

)LJ7HVWVHWXSYLVXDOL]DWLRQ
7KHORDGLVLQWURGXFHGLQWRWKHVSHFLPHQYLDHGJHSUHVVLQJRQWKH8FDVHPRXQWHGE\PHDQVRIDGMXVWDEOHEROWVWR
WKHERWWRPIODQJHRIWHVWHGSURILOH7KHDGMXVWDEOHEROWVDOORZVHWWKHSRVLWLRQRIWKHHGJHKRUL]RQWDOO\DOLJQHGZLWK
WKHSRVLWLRQRIVKHDUFHQWHU)LJXUHULJKW,QWRWDOWHVWVZHUHSHUIRUPHGIRUHDFKEHDPOHQJWKWHVWV7KHYHUWLFDO
GHIOHFWLRQDQGWKHURWDWLRQRIWKHVHFWLRQZHUHFRQWLQXRXVO\PRQLWRUHGLQGHSHQGHQFHRQDFWXDOEHQGLQJPRPHQWLQ
WKHPLGGOHRIWKHEHDPVSDQVHHILJXUHOHIW


)LJ/RDGLQJIUDPHDVFKHPHEUHDOL]DWLRQFGHWDLO8FDVH
7KHORDGLQJZDVHQGHGZKHQWKHEHDPDFKLHYHGH[FHVVLYHODWHUDODQGWRUVLRQDOGHIOHFWLRQVMXVWEHIRUHWKHFRQWDFW
RI GHIRUPHG VSHFLPHQZLWK WKH ORDGLQJ IUDPH VHH ILJXUH  ULJKW 7KH*UDSK  VXPPDUL]HG WKH FRPSDULVRQ RI
H[SHULPHQWDOO\ YHULILHG XOWLPDWH EHQGLQJ UHVLVWDQFHV RI WKH SHUIRUDWHG 6LJPD EHDPV ZLWK UHVLVWDQFH FDOFXODWHG
DFFRUGLQJWR(&GHVLJQSURFHGXUHVXVLQJWKHVXEVWLWXWHFURVVVHFWLRQSURSHUWLHV7KLVFRPSDULVRQLVSHUIRUPHGLQWKH
IRUPRIJUDSKZLWKUHODWLRQEHWZHHQWKHUHODWLYHVOHQGHUQHVVࡄȜDQGUHGXFWLRQIDFWRUȤ/7GXHWR WKHODWHUDO WRUVLRQDO
HIIHFW7KH(&UHVLVWDQFHLVUHSUHVHQWHGE\EXFNOLQJFXUYHVGHILQHGIRUGLIIHUHQWLPSHUIHFWLRQIDFWRUVĮIRUEXFNOLQJ
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FXUYHEFDQGG([SHULPHQWDOO\YHULILHGYDOXHVDUHVWDWLVWLFDOO\HYDOXDWHGIRUHDFKEHDPOHQJWK
DFFRUGLQJWR(1±$QQH['7KHFKDUDFWHULVWLFYDOXHV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